Partial replacement ofbarley with different fat sources slightly decreased dry matter intake and thereby reduced the daily intake of estimated metabolizable energy in all fat containing diets. Average daily weight gain was 1.20; 1.05; 1.05 and 1.08 kg for the control as to RSO; CaSFA and TS, respectively. Carcass weight was similar for all fat sources but slightly higher for the control diet, while dressing percentage was slightly lower for the control diet. Feeding RSO, TS or CaSFA had no effect on feed conversion efficiency in comparison to the control. No apparent difference was observed between treatments on carcass quality and palatability scores of the meat. Oleic and stearic acids were increased for RSO and TS containing diets as compared to the control and CaSFA containing diets.
Introduction
The effects of adding fat to the diet of ruminants is a complex subject involving the levels, sources and forms of fats as well as their interactions with rumen metabolism. Generally, nutritional benefits obtained from replacing grain with fat are often below the theoretical benefits due to the removal of carbohydrates from the ration. Replacing 30 % of flaked com with 14 % protected tallow improved the performance of steers in short term feeding (Haaland et al. 1981) , while replacing 8-28 % of corn-grain mixture with 10-30 % protected safflower oil decreased daily weight gain . On the other hand, Boucque et al. (1990) reported no effect on live weight gain ofbeef cattle when 17 % of wheat was replaced with 2.5 % or 5.0 % hydrolysed animal-vegetable fat. Adverse effects of fat on feed intake and feed conversion efficiency have also been reported (Haaland et al. 1981 ; Oltjen and Dinius 1975) .
If replacing grain increases energy intake by the animal, the level of animal performance can be increased per cost of gain (feed/weight gain) thus improving feed conversion efficiency. The objectives of this experiment were to determine the effect of partial replacement of barley with RSO, TS and CaSFA on feed conversion efficiency, carcass and meat quality of growing bulls.
Material and methods

Animals
Twenty eight dairy breed (Friesian-Ayrshire) growing bulls with average initial weights of 123 kg were randomly allotted into four treatment groups with seven animals in each group. The animals were individually penned and fed the treatments for a period of 256 days. The animals remained on the prescribed treatment until the termination of the experiment except for two animals, one in the control group and the other in the CaSFA group.
Feeds and feedings
The dietary treatments were; commercial concentrate mixture with no added fat (Control); in the test feeds, part of the barley was replaced by 5 % rapeseed oil (RSO); or 5 % calcium salt palm fatty acids known by the trade name of Megalac produced by Volac Ltd, Cambridge (CaSFA); or 5 % tallow (TS). In addition, the test feeds contained 10 % wheat bran, 1 % wheat molasses and 1 % Ca-lignosulphonate. The forage was timothy ( Phleum pratense) hay. The bulls were fed with 85 g DM (concentrate:hay ratio, 45:55 on DM basis) kg' 1 metabolic body weight (W 075 ) given in two equal portions a day. The hay was chopped before it was given to the animals. Water was available freely at all time. A mineral mixture was given at a rate of 100 g d' 1 throughout the trial. Feed allowances were adjusted every 28 days on the basis of live weight changes.
Digestibility and fermentation study A digestion trial was conducted with all the experimental animals using acid insoluble ash (AIA) as an internal marker (Van Keulen and Young, 1977) . Faecal grabs were collected rectally twice daily at 07.30 and 15.30 h for a period of 7 days at the end of the trial. Daily samples were frozen until the end of collection period. All samples were thawed, mixed and sub-sampled per animal per diet at the end of the collection period.
The gross energy of the feeds and faeces was determined in an adiabatic bomb calorimeter. The digestible energy (DE) of the diets was determined in vivo on the bulls. The metabolizable energy (ME) of the diets was calculated as 81 %ofthe DE of the diet. The efficiency of feed energy utilization was calculated according to the equations proposed by the Agricultural Research Council (ARC 1980) to estimate energy retained as gain.
The effects of fat sources on rumen fermentation were tested in vitro in a continuous culture fermenter according to Miettinen and Setälä (1989) . Twenty three grammes of hay and concentrate mixture (50:50) and 5 % of each fat source were fed to the fermentation vessels daily. The fermentation culture was stabilized for 3 days followed by a 2-day sampling. The concentrations of the total and individual volatile fatty acids (VFA) were determined.
Weighing and feed sampling
Upon the initiation of the trial and subsequently at 28 day intervals, the animals were weighed before the morning meal and the weight change of each animal was recorded. Concentrate feeds and hay were sampled every week and pooled for each month.
Chemical analysis
The chemical composition of the feeds and VFA from in vitro fermentation study were analyzed as explained previously (Tesfa et al. 1991 a) . Faecal and feed samples were analyzed for the AIA (Van Keulen and Young 1977) .
Slaughtering and sampling
At the termination of the trial, the final live weight of the bulls was recorded and the animals were slaughtered after 24 h fasting. Pelvic fat including kidney knobs were totally removed from both sides of the carcasses and weighed. The cold carcasses were weighed and graded visually for fatness and conformation using the five-point scale of the Finnish Slaughter House Classification Scheme. Dressing percentage for each animal and for the group was calculated as a proportion of cold carcass weight to final live weight.
Right half sides of three bulls from each group were randomly selected, cooled for 24 hours at +4°C and measured for specific gravity (sg) in water at +4°C according to Kraybill et al. (1952) . Empty body weight (EBW) was calculated according to Garrett and Hinman (1969) using the equation EBW = 1.362 X + 30.26, X being carcass weight. The carcasses were then cut to retail cuts. The rib cuts were marked to obtain samples of longissimus dorsi muscle between the 9-12th ribs and trimmed to determine physically separable fat, lean and bone. The lean part of the section of the longissimus dorsi muscle at the end of the 12th rib was used for the determination of moisture, ether extract, crude protein and fatty acids composition.
Sensory assessment
Boneless rib roasts from the longissimus dorsi muscle between 9-12thribs were vacuum packed in polyethylene bags, aged for 20 days at +4°C and were roasted to an internal temperature of70°C in a microwave oven. The roasts were removed from the oven and allowed to stand at room temperature for approximately 15 minutes. A cut of about 1.5 cm 2 were served on a preheated plate to an experienced six member sensory panel for assessment of palatability differences. Panellists scored the samples for visual acceptance, tenderness, flavour and juiciness using an eight point hedonic scale. Christie (1982) . Fatty acids methyl esters were analyzed with gas chromatography. The nitrogen carrier gas and hydrogen flow rates were 20 ml min' 1 and the air flow rate was 300 ml min 1 . The chromatography was operated with a thermal gradient from 80°C to 200°C at a rate of 16°C min 1 . Peak areas were computed using a microcomputer connected to the chromatography.
Statistical analysis
The data were analyzed by a one-way analysis of variance with dietary treatment as the only effect and tested with the Tukey test. The dietary effect was further partitioned using orthogonal contrast to test the differences between control and fat sources and between fat sources as follows: control against others, rapeseed oil against CaSFA and TS, and
CaSFA against TS.
Results
The mean chemical composition of the feeds and fatty acid composition of the concentrates offered to the bulls during the trial is given in Table 2 . Palmitic acid (C 160 ) is considerably higher in CaSFA due to its origin from fat. The control diet contained higher concentrations of linoleic acid (C ]S , 2 ). Stearic acid (C |g 0 ) levels were quite similar except for TS. There was a wide variation in oleic acid (C lg l ) among treatments, ranging from 12.0 g 100 g -1 in TS to 39.3 g 100 g ' in RSO.
Mean dry matter intake (DMI) tended to decrease with fat inclusion compared to the control. CaSFA 
270
and TS fed animals consumed about the same amount (7.1 and 8.2 % less than the control) of DM while the RSO group consumed 13.2 % less than the control group and 6 % less than the two fat groups (Table 3) . Fat (from concentrate) intake (g d 1) was 113 (control), 241 (RSO), 228 (CaSFA), and 279 (TS). The mean daily intake of neutral detergent fibre (NDF) and crude protein (CP) was higher for animals fed on the control than fat fed animals whereas ME intake was higher both for the control and CaSFA fed animals.
Nutrient digestibility
The digestibility coefficients of the diets are given in Table 4 . There was no difference (P>0.10) between the control and diets containing fat or among different fat sources in DM, NDF, acid detergent fibre (ADF) and energy digestibility. CP digestibility was higher (P<0.05) for RSO and CaSFA containing diets than the control diet or TS containing diet. RSO and CaSFA had higher (P<0.01) ether extract (EE) digestibility than TS. The fermentation pattern from continuous culture showed an altered molar proportion of individual VFA with non significant (P>0.10) differences in total VFA concentration between treatments (Table  5) .
Animal performance
Means for the growth traits are presented in Table  6 . The mean daily weight gain was higher (P<0.05) for the control group. There was no difference (P>0.10) in the final live weight of bulls between treatments though the control animals were slightly heavier. However, the control bulls with higher daily weight gains had slightly lower (48. DMI, dry matter intake; ME, metabolizable energy; k f 2 , partial efficiency of ME in gain = Estimated energy retention/(ME intake -ME requirement for maintenance (ARC 1980) ; n = number of observation is 3 in each group. 
Fatty Acid Composition
The fatty acid compositions of Longissimus dorsi revealed differences between control and fat sources in the fatty acid profile (Table 8 ). Major differences in fatty acid composition due to fat sources were: decreased palmitic acid (C 16 . 0 ), increased stearic (C lg0 ), oleic acid (C lgl ) and transisomer of oleic acid on RSO and TS diets. Total saturated fatty acids decreased by 8 % and total unsaturated fatty acids increased by 13 % with RSO compared to the control. The C lg .. trans acid and conjugated linoleic (C ]g2 ) acids on RSO were high compared to the other dietary groups whereas C l 6 o acid was high in bulls fed on CaSFA compared to the other two fat sources.
Discussion
Feed intake and digestibility Total DMI was depressed by replacing barley with fat and the animals fed on RSO and TS diets consumed less ME than the control and CaSFA fed animals. Total DMI may have been depressed simply because the animals fed on fat containing diets tended to sort out the hay while consuming the concentrate feed. This observation is similar to the results of several other studies (Boucque et al. 1990 ; Dinius et al. 1975) where fat was fed either protected or unprotected to beef animals. When Dinius et al. (1975) replaced 8, 1 8 and 28 %ofcom by 10, 20 and 30 % protected safflower oil in the diet of steers, the steers refused to consume the concentrate feed.
Free fatty acids may have organoleptic characteristics which affect feed palatability but the reason for the depressed feed intake with protected fat is not known. Although the RSO and TS used in our trial were not protected from hydrogenation, the bulls consumed fat containing concentrates without any major adaptation problem. No exact physiological reason has so far been proposed for reduced feed intake when fat is included in the ration of ruminants however, rumen infusion of individual and mixtures of VFA in goats and sheep indicated that propionate infusion depresses feed intake more than to acetate and butyrate infusion (Baile and Mayer 1970) . Besides the probable reduction in gastro-intestinal tract movement caused by the free fatty acids (Nicholson and Omer 1983) which tend to delay passage of feed through the digestive tract, an increased proportion of propionate in the rumen due to dietary fat could be another factor for reduced feed intake.
The absence of depressed digestibility of DM, OM and energy in our trial demonstrates that fat sources, saturated or unsaturated, fed at 5 % of concentrate mixture have no significant effect on non fibre component digestibility. The absence of significant depression in OM, DM and fibre observed with 5 % RSO feeding in this trial is not consistent with the results obtained with fistulated bulls (Tesfa 1991) where the digestibility of all the dietary components was depressed. The discrepancy could be due to differences in the markers used (AIA or Chromium oxide). Using the total collection of faeces, Jenkins and Palmquist (1984) observed a depression in DM digestibility when 5 % added tallow was fed with 50 % hay to steers. Moore et al. (1986) noted depressed NDF and ADF digestibility with steers fed a forage diet containing 6.3 % cottonseed oil, which is consistent with the result for RSO feeding in this trial. Calcium soap fatty acids are insoluble at normal rumen pH and thus inert to fermentative digestion in vitro (Chalupa et al. 1984) . In the abomasum at lower pH, the calcium and the fatty acids dissociate, leaving free fatty acids and calcium ions to be utilized in the subsequent normal digestion and absorption. Jenkins and Palmquist (1984) have provided evidence that the feeding of preformed calcium soaps of tallow and soya oil fatty acids to dairy cows allowed normal rumen digestion of the cell wall, whereas, non-saponified tallow fatty acids caused reduced cell wall digestibility. Although fat supplement increases microbial efficiency, calcium soaps however failed to improve microbial protein synthesis when fed to lactating milking cows (Jenkins and Palmquist 1984) . Presumably the CaSFA did not inhibit protozoa, both in their and our study, to increase efficiency of microbial protein synthesis for efficient animal performance.
In vitro studies with tallow fatty acids have shown that they have only mild effects on VFA production or on acetate:propionate ratio compared to controls (Chalupa et al. 1984) . The effect of TS on rumen fermentation was mild compared to RSO due to high melting point and saturation level of tallow fatty acids. The overall changes in rumen fermentation observed are consistent with in vivo studies with increasing levels of RSO (Tesfa et al. 1991 a) and in vitro with com oil and tallow fatty acid (Jenkins 1987) . RSO containing high C, g2
fatty acids caused a more depressive effect on all fermentation parameters. The addition of calcium to a high fat diet has been shown to reverse depressed fibre digestibility in vitro (Jenkins and Palmquist, 1982) and in vivo with steers (Palmquist and Jenkins, 1982) . However, in the present study, no improvement was observed in overall digestibility of the diet with CaSFA compared to the other two fat sources. Our data indicates that CaSFA was not totally inert in its effect on the rumen environment.
Dietary fat inclusion in the diet of ruminants increases propionate concentration with simultaneous reduction in methane formation (Van Nevel and Demeyer 1981) and thus increases the metabolizability of the gross energy (whitelaw et al. 1984) . Although, the in vitro results revealed that dietary fat increases glucogenic compound, the efficiency of feed energy utilization by the bulls remained low.
Animal performance
Marked reduction in feed intake has been the most consistent effect observed with fat containing diets which affects growth rate and animal performance. Although we observed a decrease in daily weight gain, we did not notice any difference in animal performance between fat sources, even with CaSFA, which is supposed to have a mild effect on rumen environment. There are conflicting reports from the literature on the effect of dietary fat on animal growth rate. For example, Boucque et al. (1990) reported that replacing 17 % or 33 % of wheat with 2.5 % or 5.0 % blended animal-veget-able fat had no effect on daily weight gain of beef cattle. Short term feeding of steers with 14 % or 25.5 % protected tallow replacing 30 % or 57 % of flaked com was noted to improve animal performance (Haaland et al. 1981) . In contrast to this, Dinius et al. (1975) reported a decreased daily gain with steers when replacing 8-28 % corn-grain mixture with 10-30 % protected safflower oil. Differences in fat source on animal performance has also been reported in the work of Boucque et al. (1990) where 5 % lard decreased daily weight gain compared to 5 % blended animal-vegetable fat. Supplementing the ration of feedlot steers with 4 % yellow grease or 4 % blended animal-vegetable fat increased the efficiency of microbial protein synthesis (Zinn 1989 ) and improved animal performance. In trials where grain was replaced by fat, depressed animal performance seems to be associated with a reduced availability of readily fermentable carbohydrate. A reduced availability of carbohydrates, combined with the negative effect of fat on rumen metabolism, may lead to a shortage of energy for rumen microbial energy generation because fat cannot be fermented (apart from glycerol) by rumen microbes to be used as energy sources. Therefore, even ifrecycling of nitrogen can be reduced as the effect of fat on rumen protozoa to improve microbial efficiency, replacement of grain with fat does not seem to increase animal performance due to the above mentioned shortage of energy.
Carcass quality
Meat quality varies from muscle to muscle within an animal. A single muscle, therefore, cannot be representative of the whole animal under all circumstances. In our study, Longissimus dorsi muscle was considered as "representative" of the whole carcass because ofits relative uniformity and the fact that the sampling position can be defined exactly by indicating the adjacent vertebrae. Sensory evaluation of the boneless rib roast indicated no major differences in flavour or tenderness. The physical force required to test the tenderness of meat however was high for the control bulls.
Increased carcass fat content (Boucque et al. 1990) , as well as increased empty body weight, kidney and heart fat (Zinn 1989 ) and kidney and pelvic fat (Haaland et al. 1981 ) have been reported for animals fed fat supplemented diet or partial replacement of grain with fat. Increasing the level of blended animal-vegetable fat in the diet from 4 %to 8 % increased the kidney-pelvic fat by 17 % (Zinn 1989) . Consistent with Zinn's observation was an increase of 20 % in the kidney-pelvic fat observed with 5 % TS and CaSFA inclusion whereas RSO inclusion decreased it. This difference may indicate that saturated fatty acids stimulate the deposition of pelvic fat more than unsaturated oil sources. TS fed bulls deposited more fat around the kidney and pelvic region and less fat in intramuscular tissue.
Fatty acid composition
The C |6o acid content was decreased by RSO and TS feeding as compared to the control but was high for bulls fed with CaSFA because CaSFA contained higher proportion ofpalmitic acid and palmitic acid is not sensitive to rumen hydrogenation. The decrease in C,,"acid was 21 % with RSO and 16 % with lo:U TS feeding. When safflower containing polyunsaturated fatty acids was infused into the abomasum of steers, the C |B., content of Longissimus dorsi was increased by 2.4 to 5 % compared to 0.9 % increase when steers were fed orally (Dinus et al. 1974 ). In the same work, the infusion of oil had no effect on tissue C lg.,. Regarding C lB2 , our results agree with Dinus et al. (1974) and it is probable that this fatty acid, whether fed in the form of oil supplement or as a grain constituent, undergoes complete hydrogenation in the rumen. In practice, the increase in C lg , 2 acid in milk or meat creates storage problems due to its sensitivity to oxidative rancidity which produces "oily" flavours (McDonald and Scott 1977) . C lg2 has a low (-5°C) melting point compared to that of acid (13.4-16.3°C), and this low melting point affects the firmness of the meat at a particular temperature (Wood 1984 Dryden and Marchello (1973) , the fatty acid content of intermuscular and intramuscular fat of Longissimus dorsi, Semimembranosus and Triceps hrachii muscles responded similarly to dietary supplementation of 6 % sunflower oil or animal tallow. The only difference was that animals fed with animal fat had more saturated fatty acids than sunflower oil fed animals. Dryden and Marchello (1970) reported low and variable correlations between fatty acid composition and quality characteristics. However, in studies with steers fed non fat supplemented diets, Westerling and Hedrick (1979) , reported a positive correlation between oleic acid and flavour score, suggesting that the concentration ofC lg., acid has a specific effect on the flavour of the meat. In our study, the panel evaluation did not observed any major difference in the flavour of meat from RSO fed bulls though the C lB-l acid was high compared to other treatments.
Conclusion
The current study showed thatreplacing grain with fat and feeding it with hay tends to depress total feed intake. Although partial replacement of barley with fat had no significant effect on nutrient digestibility, the feed intake of the animal and efficiency of feed conversion by the animals was depressed. Weight gain per feed intake was observed to be low for fat containing diets compared to the control. A lowered growth rate seems to be due to the reduced availability of readily fermentable carbohydrates as a consequence of the replacement of grain by fat.
Therefore, although fat increases the energy density of the diet, since it cannot be catabolized in the rumen, the replacement of grain with fat in the diets of growing bulls has no economic benefit. 
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